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Description 

The present invention relates to valve gear for in- 
ternal combustion engines, that is to say inlet valves 
and exhaust valves together with the associated ac- 5 
tuating mechanism, and is concerned with such valve 
gear which includes a variable timing mechanism. 

It is known that It is beneficial to vary the timing 
of the exhaust valves and, more particularly, of the in- 
let valves of an internal combustion engine. At high io 
engine speeds, when the gases flow into and out of 
the cylinder at high speeds, it is beneficial to open the 
inlet valve earlier in the engine cycle and dose it later 
in the engine cycle. This maximizes the quantity of in- 
let gas charge, i.e. fuel and air. entering the cylinder is 
during the inlet period and takes advantage of the in- 
ertia of the charge whereby there 1^ relatively litiie 
tendency of the inlet charge to flow directiy from the 
Inlet port out of the exhaust port. ■ - 

At low engine speeds, later opening of the irilet 20 
valve is desirable to minimize the amount of inlet 
charge flowing directly into the exhaust pbrt from the 
inlet port. This bypassing flow reduces engine power 
and efficiency by reducing the mass of the charge ief t 
In the cylinder for combustion, and ihcreases the 25 
amount of hydrocarbons in the exhaust gas because 
the Inlet charge contains unburned fuel. Earlier clos- 
ing of the inlet valve at low engine speeds is'desiraibie 
to minimize the amount of Inlet charge flowing back 
into the inlet port during the compression ^tiroke. 30 

Many mechanisms have been proposed which 
provide variable valve timing (WT), but they all have 
major limitations. ' 

A known WT mechanism, which is of th^ type 
disclosed in GB-A-1 70877, is illustrated diagranr^miat- 35 
ically in Figure 1. This includes first and secbiid ciains 
1 and 5 mounted on respective, parallel cam shafts i 
and 6. Spanning the two cams is a beam 9. which may 
also be described as a cam follower. The follbwer ih- 
cludes a respective cam-contact pad 4 and 8 at each 40 
end, which contact the cams at points 3* and 7' on re- 
spective canvcontact surfaces 3 and 7. 

The follower 9 is centrally pivoted on a piri 150 
which connectis it to a lateral-restraint rod 1 52 pivoted * 
about a fixed point 151. The rod 152 has a valve- 4S 
contact pad 153 which is in contact with the end 10 
of the valve member 13 of an engine inlet valve. The 
valve member is biassed tovyards the closefd position 
by a spring 12, which acts on it via a spring retainer 
11. Hence, ariy net downward nrwvement of the fol- ' 50 
lower creates a downwaixj movement of the valve * ■ 
member, which is resisted by the spring. " " ; 

The axis 14 of the valve member 1 3 is midway be- ' 
tween the axes of the cam shafts 2 and 6. Therefore 
the lift or displacement at the valve at any time is ss 
equal to half the lift of cam 1 plus half the lift of carh 
5 at t hat same time. This is illustrated diagrammatidai- 
ly in Figure 2, which shows lift against time and' in 



which the two cams are in phase. In Figure 2a, L1 rep- 
resents half of the lift of cam 1. In Figure 2b, L2 re|>- 
resents half of the lift of cam 6. In Figure 3c. LI + L2 
represents the lift of the valve which lasts for a time 
Pa and rises to a maximum of La. 

Figure 3 is similar to Figure 2 and shows the ef- 
fect If cam 5 is given a phase shift S so that it is re- 
tarded relative to cam 1, The effect on valve lift is 
shown in LI L2 in Figure 3c. it will be noted that the 
maximum lift Lb of the valve is less than the maxh 
mum lift La in Figure 2c when the cams are in phase, 
and the valve period Pb is greater than the original 
period Pa. 

Thus, the valve opening period and lift are varied 
by advancirig or retarding the phase of one camshaft 
relative io the other csinshaft. 

A typical cam for an internal-combustion engine 
has the characteristics shown in Figure 4, Figure 4a 
shows the curve of lift or displacemefit, L, of the valve 
on the Y axis' against time on the X axis. During the 
cam period de the lift curve is concave. During the 
cam period efg the lift curve is convex. During the 
cam period gh the lift curve is concave.- The lift is a 
maximum at point j, corresponding with pdintf on the 
period axis. 

The corresponding diagr-am or velocity V is 
shown in Figunsi 4b. During the opening period def the • 
valve reaches its maximum opening velocity at 1 . Dur- 
ing tho closing period fgh the valvo reaches its max- 
imum closing velocity at m: . 

TUe corresponding acceleration A is shown in 
Figure 4c. During the period da the valve experiences 
a positive acceleration which reaches its maximum at 
n. During the period efg the valve experiences a neg- 
ative acceleration whk;h reaches its maximum at 0. 
During the period gh tiie valve experiences a positive 
acceleration which reaches its maximum at p. 

When two earns of thi;s type are used in valve 
gear of the type iiiustrated in Figure 1 the results aire 
as showri in Figures 2 iahd 3. * ^ 

Although, when the cams are out of phase, the lift 
curve is apparerrtly smoothj thero is a dynamic prob- 
lem which is clearly evident if the acceleration dia- 
gram, Figure 4c, is considered. Since the inertia for- 
ces irivolved are direcdy proporttcr.al to the magni- 
tude of the accelerations, t he acceleration curves are 
a good indicatorof the WTs ability tooperate at high 
speed. At high speeds, excessive inertia forces cause 
excessive vibration and excessive mechanical stress- 
es. 

Figure 5 shows the case where the two cams are 
out of phase by 12.5% of the cam period. Figure 5a 
shows the acceleration curves of the two cams in this 
condition. Figure 5b shows the acceleration of the 
valve. The new period is dteTgVh^ which is 12.5% 
longerthan when the cams are in phase. Acceleration 
is defined by the curve dstue"o*'g'*vwxh''; Points suvx 
Identify four acceleration peaks, which are likely to 
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cause severe vibration problems. . 

Clearly, it is not possible to use .conventional 
cams at high speeds in a WVT of this type. 

Figure 6 shows the characteristics of the c-ams of 
the valve gear of Figure 1 which attempt to overcome 5 
this problem. Figure 6a shows the lift characteristics 
of the first cam. Figure 6b shows the lift characteris- 
tics of the second cam. Figure .6c shows the valve lift 
characteristic which occurs when the two cams are 
out of phase as shown. The first cam has a dwell per- to 
iod bd during which the lift of the cam remains con- 
stant, as shown by the line jq. The second cam has a 
dwell period fh during which the lift of the cam re- 
mains constant, as shown, by the line rp. 

It should be noted at this.iK)int.that.bac^ a., is 
small degree of clearance between the movipg con^. , 
ponents when the valve member is not being activat-^ 
ed. i.e. when the valve is dpsed^ Bai^ash is neces- 
sary to allow the individual components .to undergo 
thermal epansion when the engine, is hot. without 20 
opening the valve unintentionally during its closed 
period. Free nrovement is relatively large scale niove^ . 
ment of the components in WTs of the type descri- 
bed in which the components are separated by an 
amount greatly In excess of the backlash during some 25 
part of the valve operating cycle. Free movement Is 
sufficiently large to predude the use of conventional . 
means of controlling backlash. 

The valve gear shown In Figure 1 1ncludes a large 
free movement, shown as X In Figure 6c. between the 30 
follower and the valve stem or between. the.follower 
and the cams. The lift L1 generated by the first. cam. . 
is sufficient only to take up this free nr>ovement This 
is illustrated by the line aj in Figure 6c. At time c in the . 
valve period the second cam begins jto n}ove the fol- 35 
lower and, after taklng up any t)acklash in the system, 
adds its lift L2.to the. lift generated by the first c?am. 
The result is valve lift, as shovyn. by the cross-hatched 
area in Figure 6c.'By changing the phase angle be- 
tween the two cams the magnitude and period Qf this ^ 40 
lift may be varied. , j . 

As mentioned.earlier.^ree movement is an vfnjje- 
sirable characteristic in a^high speed mechanism and . 
many attempts -have. been, made to overcome the 
problem, Anotable example is.disdosed in SAE paper . 45 
890676 which describes an, improved WT mecha- 
nism of the ceneral type illustrated in Figure 1 . How- , 
ever, like ail its predecessors the mechanisrh is bulky 
relative to a conventional fixed-period direct-attack 
valve mechanism and is not suited to high speed op- so 
eration. These problems are mainly due to the fact 
that, the mechanism; incorporates a free movement 
compensation: device to take up the free movement 
inherent in the syst8.m. 

Valve gear in accordance with the.-precharacler- . 55 
ising portion of daim 1 is disclosed in GB-A-21 80597. . 
The shape of the cams in this valve gear is such that 
free naovement occurs and this is taken up by a bulky 



free movement compensator. 

It is thus an object of the present invention to pro- 
vide valve gear of the type induding a NATT mecha- 
nism operated by more than one cam per vah^e in 
which the free movement or dearance between the 
components is substantially zero thereby permitting a 
backlash adjuster or compensator to be used, if de- 
sired, and also permitting the valve gear and thus the 
associated engine to be run at high speeds without 
the generation of substantial shock loads and noise. 

According to the present invention there is pro- 
vided a valve gear for an internal combustion engine 
including a first cam mounted to rotate about a first' 
axis, a second cam mounted to rotate about a second 
axis which is substantially parallel to the first axis or 
which coincides with said first axis, a phase-change 
mechanism arranged selectively to vary the phase of 
one of Ahe.canifTeLative t^ the other, a valve member 
movable along a valve axis, biassing means urging 
the valve member in a first direction along the valve 
axis and a c^m foljower which has first and second 
contact surfaces arranged to be engaged by the first 
and second earns,, respectively, and is arranged to 
transmit moy^rneht from the cams to the valve menrv 
ber but is mpyat)ie with respect to the valve member, 
the profile pf the cam induding an ascending 
portk)n to rnoyeihjf . valve member In a second direct 
tion oppQsrta.to the first direction and a descending 
ramp to con^pl movenrient of the cam follower with re- 
spect to th^yalve memb the profile of the sec- 
ond cam Jric^ud.ing a descending portion to control 
movement of the valve nriember in the first direction 
and an ascending ramp to control movement of the 
cam foliowetrwith respect to the valve member, char- 
acterised jnjhat.the gradient of the ascending ramp 
and qj[|tbe 4e^ ramp are substantially the 

same oyer ai least part of their length and that the 
phase.pf t he two cams Is such that the times for which 
the aiscending and descending ramps contact the fol- 
lower {jyerlap whilst the valve member is stationary 
In therclosed position whereby the cam follower 
moves with respect to the valve member. 

In the construction illustrated in Figure 1. when 
the valve membjsr is in the dosed position and can 
move no further in the dosing direction diie to its en- 
gagement with the valve seat, one or both of the 
cams moves away from the follower and the free 
movement appears and must be taken up again at a 
later stage in the cyde before the valve member can 
..,be moved, by the can«. However, in the present in- 
vention^ when the valve is dosed the follower is en- 
gagend by the ascending and deiscending ramps 
whose gradient is the sanie and whose maximum 
height, is preferably also the same which means that 
their combined height, that is to say the combined lift 
which they exert on the cam follower, remains con- 
stant .and, as..the descending ramp tends to move 
away.from the follower the fdlower is constrained to 
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move with it by the ascending ramp. This means that 
the free movement does not open up at all and that 
the cams remain in constant contact with the follower 
at all times or spaced from it by a distance which is 
only the usual backlash distance which can be ccnrv- 5 
pensated for by a backlash adjuster. 

In other words, the action of the ascending and 
descending ramps cancels out during the overlap 
period and the axial position of the follower along the 
axis of the valve member remains substantially con- 10 
stant and the cams remain substantially in contact 
with the cam follower which is therefore caused to 
move by the engagement of the cams. Hence the free 
movement is substantially zero during this period. 

However, the axial position of the follower during 15 
the overlap period is dependent oh the relative phas- 
ing of the two camshafts. Hence the baddash in the 
system varies with the varying phasing of. the cam- 
shafts. For this reason it Is preferred that there is a 
backlash adjuster, preferably of hydraulic type, a.g. , 20 
acting on a tappet whereby any potential baddash in 
the system may be reduced to zero regardless of the 
phase of the camshafts. 

In a wholly mechanical system in which there is 
no backlash adjuster or compensator, the valve mo« 25 
tion may be optimised if the prcM^e of each cam In- 
cludes a portion of zero gradient adjacent th& pcftiou 
of maximum and of minimum lift. 

The two cams may be earned by reapectiv©^ par- 
allel cam shafts or by a single cam shaft associated * do 
with the phase change mechanism. In this ojim Ih© 
axes of the two cams will be coincident and tho.fol-^ 
lower may be of generally V shape or Iraugh shape : 
with outwardly indtned sides which afford the contsict 
surfaces. k ,35 

The cam follower may be of the type fllusti^ted In 
Figure 1 , i.e. with the two contact surfaces genr^^rally ; 
coplanar, and In this event the movement of the foK 
lower relative to the valve member when the valve ;& 
closed will be ph/otal movement. One disadvantage of 40 
this arrangement is that the lift of the valve is ec^ual *. ; 
to the lift of each individual cam. assuming that th© 
lift on each cam is the same. The volume occupied by • i 
the camshafts is however double that of a slnglo di- . • 
rect-attack camshaft Another disadvantage is that 4S 
the pivot 150 is very highly loaded and rod 152 is . 
needed for lateral locatton of the fcllov/er beam. This 
rod is bulky and adds to the weight, cost and space 
ofthe valve gear. 

However, in a preferred embcdimeht in wUkh the 50 
cams may be smaller than in the construction of Fig* ' ' 
ure 1 and the lateral location rod may be omitted en- - 
tirely, whereby the valve gear is cheaper, lighter and . 
simpler, the first and second contact surfaces are in- 
clined to the valve axis by an acute angle of 1 5® to 70*,. 55 
the cam follower is movable transverse to the valve - 
axis by the engagement of the cams and is constrain- 
ed to move only substantially parallel ^ the valve 



plane In which the valve axis lies and which extends 
perpendicular to ths two cam shafts. 

The follower may act directly on the valve menv 
ber but It is preferred that it acts indirectly via a tappet. 
The follower may be restrained to move parallel to the 
valve plane, and preferably substantially in the valve 
plane, by numerous means, e.g. by being restrained 
In a groove or recess in the cylinder head or an addi- 
tional plate or by t he provision of one or more flanges 
on the follower or tappet which engage in grooves or 
over the edges ofthe tappet or follower. Aftjrther pos- 
sibility is that the tappet has an upstanding boss of at 
least part-circular section which is receded in a 
groove in the underside ofthe follower whereby a de- 
gree of rotational mpverpent of the follower or tappet 
is possible. ; 

In its simplest form the cam follower is in the 
shape of a triangular prism with two planar surfaces 
which constitute the cam contact surfaces. However, 
these two surfaces may be either concave or cpnyjsx. 
Alternatively, the cam follower may be of more com- 
plex shapQ but preferably still indudes two csim con- 
tact surfaces which are indlned to one another and 
to the valve axis. In a further possibility, the cam con- 
tact surfaces are constitutod by rollers or the like car- 
ried by the follower and in this event the actual shape 
ofthe follower is of no importance, if the cam contact: 
surfaces are circular or arcuate it will be appreciated 
that what is of importance is that, when viewed in the 
direction ofthe length of the camshafts, the tangents 
at the points of contact of the cams and the contact 
surfaces, ara indlned to the. valve axis by 15' to 70''. 

Alternatively, the cam follower may be generally 
in the shape of n letter V induding two divergent lugs 
whose opposed surfaces constitute the contact sur- 
faces. ln this event, the cams v/ill riot be carried by . 
sepisrate cam shafts but on a single cam shaft. The 
opposed contact surfaces will in practice not be di- 
rectly opposed but will be slightly offset in the direc- 
tk)n of the length ofthe can? shaft so that they can 
be engaged by the i^spective cams. This can tend to 
cause the cam follower to rotate about the valve axis 
and {;hu3. £ further possibility isjo dK'ide one of the 
two cans into two halves which have the same shape 
and angular position and are spaced apart and sepa-^ 
rated'by tha ether cam. In this case, the construction 
of the cam follower will be modified similarly and one 
of the Inclined lugs is also divided into two halves 
which are spaced apart in the direction of the cam 
shaft, the other lug being opposed to the gap be- 
tween the two halves. This arrangement ensures the . 
eliminatton of the tendency fort he cam follower to ro- 
tate. -. : ■ . • ' . 

The invention also embraces an engine induding 
one or more cyfinders. the inlet and/or outlet port(s) 
of which are controlled by such valve gear. 

Further features and details ofthe invention will 
be apparent from the following description of certain 
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specific embodiments which is given byway of exam- 
ple only with reference to Figures 7 to-18 df the ac- ^ 
companying diagrammatic drawings, in which:'- 
Figure 7 is a side elevation of valve i^'ear in accor- 
dance with the invention; ; ' ' ^ 
Figures 8 and 9 show the lift and acceleration 
characteristics, respectively, of the valve gear of 
the present invention. 

Figure 10 shows the acceleration characteristics 
of a modified construction of valve gear in accor- io 
dance with the invention; 
Figure 11 shows diagrammatic side elevations of 
modified valve gear in accordance with the in- 
vention at various stages in the cycle; 
Figiife 12 is a ctit-away perspective view of the - .15 
follower and tappet of the valve gear in a<Xor-: 
dance with 'the rrivehtibn; 
Figure 1 3 diagrammatically illustrates ttie motion 
of the follower relative to the cylinder head; 
Figure 14 shows the resultant of the lift of the two 20 
cams at differing valve periods; 
Figure' 15 Illustrates the lift characteristics, of a > . 
fully mechanical valve gear with no automatic 
means for adjusting the backlash; ^ 
Figures 16 and 17 are a perspective and a trans^ 25 
verae sectional view, respectively; of a part of a . 
modified valve gear in which the two cams are 
carried by a single cam shaft; and 
Figure Id is a perspective view in which the valve 
isoperated by three cams carried on a single cam ^ • 30 
shaft;" ..• .•. ■! . 

Referring firstly to Figure d, af irst plianarcam 15 ^ 
Is carried by a first cam shaft 16 for rotation In the di- 
rection of the arrow 17. A second planar cam 21 is • 
carried by a second cam shaft 22 for rotation in the ' . 35 
direction of the arrow 23. The first and second cams v 
contact a prismatic triangular follower 25 at respective ■"■ 
contact points on respective cam contact surfaces 18c 
and 24. The follower 25 is In horizontal sliding contact ' 
with the upper face of a tappet 26. The tappet is vert-' < 5-40 
icaliy slidably received in a recess 194n th^ cylinder 
head 20 of an engine. ^ : • • 

Vertical movement of the tappet 28 causes vert- ' 
leal movement of the Inlet vafve member29 along the 
axis 30 of its stem. The inlet valve is biassed towards • 45 
the closed position by'a spring 28 which acts upon the 
valve member 29 via a spririg retainer 27.- ^ 
The triangular follower 25 iis constrained to move 
only in the plane of the diagram. This plane may also > 
be described as the vah^e plane since it passes so 
through the first cam and the second cam perpendic- 
ular to the two cam shafts and includes the valve axis: 
The above description relates to a valve gear in 
which'the valve is biassed to the dosed position, and 
the cams are used to push the valve open. However . 55 
the converse is also possible, ke. the valve can be 
biassed towards the open position and the cams used 
to push the valve to the closed position. 



The second cam 21 has a prof Oe which includes 
a descending portion 200 extending from point P in 
the clockwise direction to point Q and the remainder 
of its profile constitutes an ascending ramp 201 of 
substantially constant gradient The first cam 15 has 
a profile which is the mirror image of the second cam 
and thus has an ascending portion 202 from point S 
in the clockwise direction to point T and the remainder 
of its profile constitutes a descending ramp 203 of 
substantially constant gradient 

Figures 8 and 9 show the characteristics of the 
cams of the valve gear of the present invention with 
the cams phased to produce a long valve period. Fig- 
ure da shows the lift curve L1 for the first cam. Figure 
8b shows the lift curve L2 for the second cam. Figure 
8c shows the valve lift (shaded area) when the two 
canrts are phasefd as shown. 

The cam pericKi.a.to g occupies 360^ rotation so 
the diagrams :si30uld. be seen as continuous curves. 
Hence velocityiramps w and x produced by the first . 
cam are parts'ofa single ramp, and velocity ramps y 
and z produced.by the second cam are parts of a sin- 
gle ramp. Effectively, the externa) profile of each cam 
includes two portions: a constant velocity ramp and 
an active portioni Jn the case of the first cam.tha ac- 
tive portion provkies valve lift and in the second csm 
the active portion. controls the reduction of valve lift 
The active portion on the first cam produces the lift 
from point8^!Lto:ks The active portion of the second 
cam controlslhe^duction of lift from points n to p. At 
point i of the f irst:cam the active profile begins. How- 
ever, dua^to the downward velocity of the velocity 
ramp at:that,point minimum cam lift is not achieved 
until'point b.iCam lift then increases until it reaches a 
maximum at point j. At point k lift starts to decrease 
and rthejcam . produces a downward velocity which 
matchesthatofthe ramp. Forthesecondcam (Figure 
lib) ttfe ramp has a constant velocity in the opposite 
sense; 

When the cam lifts LI and L2 are added, the re- 
sult Is valve lift as shown in Figure Sc. The gradient 
of ramp wx is equal and opposite to the gradient of 
ramp yz.- Hence they cancel and provide no yalve 
movenfientduring the period uvre. 

U is crucial to the understanding of the invention 
to observe the differences between Figure 6, show- 
ing the known WT cam lift profiles and those shown 
in Figure-8for the subject of the invention. In Figure 
8, valve lift is generated along the line stu, producing 
a maximumrtif t of L* The dimension X is a constant off- 
set (as* Opposed to a variable offset as in Figure 6) 
from the baseline of the canrts and by suitable dimen- 
sioning of the components, can be reduced to zero 
thereby leaving only the required minimum backlash 
and eliminating the free movement of the com.po- 
nenls.;- 

Figure. 9 shows the acceleration characteristics 
of the two cams. In the first cam (Figure 9a) acceler- 
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ation begins at j and reaches a maximum positive val- 
ue at a before falling to zero at b\ Acceleration con- 
tinues into a negative phase with a peak value at 
c' before returning to zero at k. The most noteworthy 
feature is that there is only a single positive-acceler- 5 
ation period. Conventional cams have two positive- 
acceleration periods, as shown in Figure 4c. 

The consequence of only a single positive-accel- 
eration period is that the lift at point k is not the same 
as the lift at point i. In effect the first cam is an open- io 
ing cam; it can open the valve, but it cannot dose the 
valve. Similarly, the second cam is in effect a closing 
cam. Its acceleration characeristics are a mirror inv 
age of those of the first cam, as showh in Figure 9b. 
It begins a period of negative acceleration at n, which 15 
peaks at e' before returning to zero at f Acceleration 
t hen enters a positive phase, peakiriig at g' and retur'h- 
ing tozeroatp. 

When these two accelerations' ai^ combined, the 
resulting acceleration characteristic of the valve is as 20 
shown in Figure 9c. By careful shaping of the accel- 
eration curves of each individual camit is pbssible to 
produce a valve acceleration characteristic which is 
close to that obtainable with a single direct-attack 
cam. 25 

In sonfte circunnstances It may be beneficial to 
modify the acceleration curve of the first cani sihown 
in Figure 9a to that shown in Figure 10. The modified 
curve ia'b'c'r's'k has a small secondary pbsith^e^^ 
celeration period r's'k. This curve miay 'be heipfiil in 30 
making the acceleration curve of the viii*^^ siiioother 
over the whole range of valve periods. 

Figure 11 Illustrates the effect of the cam prof iles 
when the cam follower is of triangular shapes! in Figure 
11a lift is just starting with the follower 25 in itk^x- 35 
treme leftward position. In Figure lib lifting is pro- 
gressing. In Figure 11c theyalve isatfull lift in Figure 
1 1d the lift is decreasing. In Figured 11 e the valve h^s 
returned to its seat and has zero lift. The follower is 
in its extreme rightwaid p6sitk>n. In Figure 11f the 40 
cams are both on their ramps, so that the motion of 
the follower is from right to left in a purely horlzohteil 
direction with no vertical component 

In Figure 11 the first cam 15 is positioned with its 
camshaft 1 6 lower than the camshaft 22 of the sec- 45 
ond cam 21 . This reduces the overturning moiTi^nt on ' 
the follower. 

Figure 12 shows a cut-away view of a triangular 
follower 25 In contact with the tappet 26. Asmall spi- 
got 111 on the crown of the tappet 26 is in sliding en- 50 
gagement with the channel 109 in the base of thefol- ' 
lower 25. The spigot ill may optionally have ah oil- 
feed hole 110 to supply oil to the sliding con^ct sur- 
faces. The spigot may also be used in conjurfction 
with alternative follower shapes. 55 

As mentioned above, the free movement in the 
valve gear of the present invention remains substan- 
tially constant over each cyde whilst the valve is 



closed and by appropriate dimensioning of the vari- 
ous components it is possible to arrange for it to be 
zero. Howeveri the magnitude of the backlash varies 
with the phase difference. The mechanism of this ef- 
fect will be described In more detail below. Figure 12 
therefore shows a hydraulic backlash adjuster 112 
which is arranged to adjust the verti'cai position of the 
tappet to take up the backlash. 

As stated above, the follower is constrained to 
slide In the valve plane only I.e. the follower has two 
degrees of freedom. The tappet too has two degrees 
of freedom. It may move axially along the valve axis, 
and it may rotate about the valve axis within the chan- 
nel 109 in the base of the follower 25. The motion of 
the follower 25 rtslaJive to the cylinder haad 20 is 
shown in Figure 13. Otbii 120 is for long valve periods 
when the cams have a maximum phase difference. 
Orbit 121 Is for shov t vaive periods when the cams 
have a minimum phase drffarance. - 

Figure 14 shows tise change in resultant IJft (LI + 
L2) of the two cams at differing valv@ periods. Line 
130 shows the resultant at the maximum valve peri- 
od. Line 13i shov/s thu resultant at the minimum 
valve period. Two features should be noted: FIrstty, 
the resultant lift decreases as the period is reduced. 
Secondly, th© height of the baseline (horizontsi por- 
tion) increases when th® period Is reduced which sig- 
nif ies an increase in the backlash, in an Interna! com- 
bustion engine for a vehlde, dimension 132 may be 
about 0.75 mm. Hence for hjgh-sp3<^d applications It 
Is highly desirable to use a hydraulic backlash adjus- 
ter to accommodate dlfferencas in the position of the 
baseline, i.e. differences in the hIz& of the backlash, 
caused by changes in the phase of tha cams. 

Although the use of a hydraulic backlash adjuster 
is preferred, & wholly mechanicsl system Is possible 
by ihtrodiioing horizontal portions Into thG cam lift pro- 
file 140, 141, 142. 143 as shown in Figure 15. If mech- 
anics; backlash adjustment Is used with the cam 
forms 36 far dssclbad, the valve motion is not opti- 
mum on seating and opening as the ccncave.porticns 
of the profile era Inoffectivs Viheti longer periods are 
used. This a beciauss. at longai: valve periods, the 
concave portions of tho pmf SI© foil within the free 
moventent (or pai iiy v/ithsn ths^ free mcvejnent) of the 
follower rather then activating the valve. In practical: 
terms this means that the va*ve would u.ndergo very 
rapid acceleration on leaving its seat and very rapid 
deceleratksn on reseating. The effect of the horizontal 
portions of the cam profile Is to ensure that the con- 
cave sections of the cam profile fall outside the free 
movement, at all valve periods (Figure 15c). The 
length (X) of the horizontal portions (Figure 15a) 
equals the length of the period of vaJve timing varia- 
tion (Figure 15c). Under these circumstances back- 
lash occurs at all valve periods beyond the shortest 
period, and is a maximum (145) at the maximum 
valve-opening period. 
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In the embodiments described abpye the two 
cams are carried by separate paraHel cam shafts. Jhe 
means for altering the relative phase of t^wo such cam 
shafts are well known to the expert in the:ar.t and one 
example thereof is disclosed in US-A-31P941 7, How- 5 
ever, such a phase change mechanism is relatively 
bulky and complex and In an alternative embodiment, 
which is illustrated in part in Figures 16 and 17, the 
two cams are carried on a single cam shaft which 
contains a phase change mechanism to rotate one io 
cam relatwe to the other. This is known per se and 
one example is referred to as the Ciemson Camshaft 
However, the two cams usually act on the Inlet and 
exhaust valves, respectively and not on the Inlet 
valve, as in the present case. As may be.seeaia.Fig-. 15 
ures 16 and.1 7; there is a single camshaft 250 which, 
carries two cams 251 and 252 and is connected to a . 
phase change mechanism, (not shown) arranged to 
displace the two cams relative to one another about 
the axis of the cam shaft to change their phase. The 20 
cams engage respective contact surfaces on a com- 
mon follower 253 afforded by respective upwardly ex- > . 
tending lugs 254 and 255 which also extend outward-, 
ly at an angle of 15*? to 7C'' to the valve axis. The fol-. . 
lower is thus generally cf V shape or divergent trough 25 
shape in end view. The base 256 of the follower 253 ^ 
engages a tappet and In other respects the valve gear 
of Figures -16? and 17 is. similar to that described 
above. 

A problem which results.from the arrangement 30 
shown in Figure 17 is thatthere is a tendency.for the: 
follower to rotate about the.valva axis,. A number ,of 
methods may be adopted to prevent this rotation and,,. 
Figure 18 shows one example. . „ 

One of the cams is split into two portlcns 258 and 35 

260 whose shape and angular, position are Identical . 
and which can move together but independently of 
the other cam 259 to alter, the.relative phase:0f the 
two cams. The follower 257 is similarly modified in, , 
that one of the inctined lugs is split into two portions.;. . 40 

261 and 263 whose inner contact surfaces are adte<t, 
on by a respective one of the cam halvea258 and 260. . 
and which are spaced apart by a gap.. Opposed, to thia 
gap is the other inclined lug^262 whose contact sur- 
face is engaged by the cam 259. This arrangement is. , ^ 
inherently more staWe-than^that shown in Figure 17 ^ 
and does notitend to cause rotation about the valve , 
axis.ln other respects, the constructicn of Figure 18 • 

is similar to that of the previous embodiments. 

Claims 

1. Valve gear for an interns! ccmbustk>n engine in- 
cluding a. first cam (15) mounted to rotate about 
a f b-st axis, a second cam (21) mounted to rotate 
about a second axis which is substa.ntially parallel 
to the first axis or which coincides with said first 



axis, a phase-change mechanism arranged se- 
lectively to vary the phase of one of the cams rel- 
ative to the other, a valve member (29) movable 
along a valve axis (30), biassing means (28) urg- 
ing the valve member in a first direction along the 
valve axis and a cam follower (25) which has f iret 
and second contact surfaces (18,24) arranged to 
be engaged by the first and second cams, re- 
spectively, and is arranged to transniit movement 
from the cams, to the valve member but is mov- 
able with respect to the valve member, the profile 
of the f Iret cam (15) including an ascending por- 
tion (202) to move the valve member (29) in a 
second direction opposite to the firet direction 
and a descending ramp (203) to control move- 
ment of the cam follower (25) with respect to the 
vaive naemjber (29) and the profile of the second 
cam' (21) including a descending portion (200) to 
control mpveme[\t of the valve member in t he first 
direction ancj m ascending ramp (201 ) to control 
movement of the cam follower (25) with respect 
to the valve Ve.mber (29). characterised in that 
the gradient of the. ascending ramp (201) and of 
the descending ramp (203) are substantially the 
same over at least part of their length and that 
the phase gf.^the two cams is such that the times 
for whicti the; ascending and descending ramps 
(201 ,2[^i) o6^tBCi the follower (25) overlap whilst: 
the yalYe, member (29) is .stationary In the dosed 
position ^w^^ir^by the cam foilower (25) moves 
vyith r^spec^tothe valve member (29). 

2. Valve .^ear as claimed in claim 1 characterised in 
ths(t!,tN iri^i^^^^^^ ascending and descend- 
iqg iiWnps^(ioi ,203) are substantially constant. 

3. Valvjsl gear as dainried in daim 1 or daim 2 char- 
aj^'er^ed by a tappet (26) which is engaged by 
the-C€UTi follower (25) and which in turn engages 
the valve member (29) and by a backlash adjus- 
ter (11 2)\ preferably of hydraulk: type, acting on 
the tappet (26) whereby there is no backlash be- 
tween the cams (15^21) and the valve member 

4. .ya|ve gear as daimed in daim 1 characterised in 
that the profile of each cam (15.21) indudes a 
portion (140.141,142.143) of zero gradient adja- 
cent the portion of maximum and of minimum lift. 

5. Valve gear as daimed in any one of the preceding 
claims characterised in that the two cams (1 5,21 ) 
are carried by respective parallel cam shafts 
-(16:22). 



55 . 

6. Valve gear as daimed in any one of dalms 1 to 5 
characterised in that the two cams (251 ,252) are 
.carried by a single cam shaft (250). 
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7. Valve gear as claimed in any one of the preceding 
claims characterised In that the first and second 
contact surfaces (18,24) are inclined to the valve 
axis (30) by an acute angle of 15^ to 70**. that the 
cam follower (25) Is movable transverse to the s 
valve axis (30) by the engagement of the cams 
(15,21) and is constrained to move only substan- 
tially parallel to the valve plane in which the valve 
axis lies and which extends perpendicular to the 
axes of the two cams. 

8. Valve gear as claimed in claim 7 characterised by 
a tappet (26) which is engaged by the cam follow- 
er (25) and in which in turn engages the valve 
member (29) and in that the cam follower (25) is is 
constrained to move parallel to the valve pl^ine by 

an upstanding boss (111) on- the -tappet (2S) . 
which is received in an elongate groove (109) in 
the underside of the follower (25). ^ - 

" 20 

9. Valve gear as claimed in claim 7 or ciainr! 8 char - 
acterised in that the follower (253) indudes a 
base (256) and two divergent lugs (254,255) ex- 
tending therefrom, the opposed surfaces of 
which constitute the contact surfaces. 25 

10. Valve gear as claimed In dalm 9 charactsilsed In 
that one of the cams is divided into two portions 
(258,260) whose shape and angular position a/o 

the same and which are spaced apartand sepa» 30 
rated by the other cam (259) and that on© of th@ 
lugs of the follower (257) is also divided into two 
spaced portions (261 .263) whose conteci surfac- 
es are engaged by a respective one of t ho cam 
portions (258,260). ^ ; ^ 35 



Patentanspruche 

1. VentiltriebfOr eine Brennkraftmaschlns mitshiam 40 
ersten um eine erste Achse drehbaren Nocken 
(15), mit einem zweiten um eine zwaite Achse 
drehbaren Nocken (21). welche zweite Achs© im 
wesentlichen parallel zur ersten Achse Ist od©£' 
mit der ersten Achse zusammenfallt, mit einem 4S 
Phasenwechselmechanismus, der geeignet isi, .:' 
selektiv die Phasenlage eines der beiden Nocken 
in Bezug auf den anderen zu andern, mit einem 
entlang einer Ventilachse (30) boweglichen Ven- 
tilteil (29), mit Vorspannungsmittein (28), die das so 
Ventilteil in einer ersten Richtung langs der Ven- 
tllachse belasten. und mit einem Nocksnfolger 
(25), der erste und zwelta mit dem ersten bezie- 
hungsweise dem zweiten Nocken in Eingriff ste- 
hende Kontaktflachen (28, 24) aufweist und der 55 
die Beweguhg von den Nocken auf das Ventilteil 
ubertragt, jedoch bewegiich In Bezug auf das 
Ventilteil ist, wobei das Prof 11 des ersten Nodcens 
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(15) einen ansteigenden Abschnitt (202) zur Be- 
wegung des Ventilteils (29) in eine zweite, der er- 
sten RichUjng entgegengesetzt© Richtung und 
eine abfallende Flanke (203) zur Steuerung der 
Bewegung des Nockenfolgers (25) in Bezug auf 
das Ventilteil (29) aufweist, wobei ferner das Pro- 
fil des zweiten Nockens (21) einen abfallenden 
Abschnitt (200) zur Steuerung der Bewegung des 
Ventilteils in der ersten Richtung und eine anstai- 
gende Flanke (201) zur Steuerung derBewegung 
des Nockenfolgers (25) In Bezug auf das Ventilteil 
(29) aufweist dadurch gekennzeichnet, dad der 
Gradient der ansteigenden Flanke (201) und der 
Gradient derabfallenden Flanke (203) Im wesent- 
lichen glejch sind, zymlndest uber eineh Teil ihrer 
LSnge, und daci die Phase.der beiden Nocken so 
ist, daft die Zeiten, in denen die ansteigenden und 
abfallenden, Flanken (201, 203) den Nockenfol- 
ger(26) beriihren, sich Qberlappen, wahrend das 
Ventilteil (29) stationar in der SchlieSpositlon ist,^ 
wobei der Nockenfolger (25) sich In Bezug auf 
das Ventilteil (29) bewegt 

2. Ventlltrieb nach Anspruch 1, dadurch gekenn- 
zeichnet, daS, die Gradienten der ansteigenden 
und abfallenden Flanken (201, 203) Im wesentli- 
chen konstant sInd. 

3. Ventiitrieb nach Anspruch 1 oder Anspruch 2, ge- 
kennzeichnet durch einen StSRel (26). an dem der 
Nocksnfoiger (25) angreift und der selnerseits an 
dem Ventilteil (29) angreift und durch eine yprzugs- 
wG'tm hydraulische . Totgangelnstellelnrichtung 
(112), die auf den StoRel (26) wirkt sodaB kein tp- 
ter Gang zwischen den Nocken (15, 21) und dem 
Ventilteil (29) bestehL 

4. Ventlltrieb nach Anspruch 1. dadurch gekenn- 
zeichnet ^?aR das Prof ii.eines jeden Nockens (1 5, 
21) einen Abschnitt (140, 141, 142, 143) mit Gra- 
dient Null angrenzend .an den Teil mit maximaler 
und mit minimalsr Auslenkung aufweist. 

5. Ventlltrieb nach einem der vorhergehenden An- 
spruche, dadurch gekennz€|ichnet daS die bei- 
den Nocken (15, 21) yon zueinander parallelen 
Nockenweilen (1 6. 22) getrtag^n werden. 

6. Ventlltrieb nach ef nem der Ansprflche 1 b\s 5, da- 
durch gekennzeichnet dafi die beiden Nocken 
(251 , 252) von einer einzigen Nockehweile (250) 
getragen werden. 

7. Ventlltrieb. nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet daft die er- 
sten und zweiten Kontaktflachen (18, 24) gegen 
die Ventilachse. (30) um einen spitzen WInkel von 
15« bis 70* geneigt sind, daft der Nockenfolger 
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(25) quer zur Ventflachse (30) durcir Eingriff der 
Nocken (1 5, 21 ) beweglich und so zWahgsgefuTirt 
ist. daft er nur im wesentlichen parallel' z6 der 
Ventilebene beweglich ist, in der dig Ventilachse 
liegt und die sich senkrecht zu den Achsen der 5 
beiden Nocken erstreckL 

8. Ventilbieb nach Anspruch 7, gekennzelchnet 
durch einen StoGel (26), an dem der Nockenfol- 

ger angrerf t und der seinerseits an dem Ventilteil io 
(29) angreif t, und dadurch daft der Nockenfolger 
(25) durch eInen aufrecht auf dem Stoftel (26) ste- 
henden Vorsprung (111). der in einer l§nglichen 
Nut (109) an der Unterseite des Nodcenfolgers 
(25) aufgenommen Ist. sbzwangsgefuhr t ist daft is 
er parallel zu der VentOebiBnebewegbisrfist^^ 

9. Ventiltrieb riach Anspruch 7 Oder Anspruch 8. da- 
durch gekehnzeichnet, daft der Nockenfolger ' 
(253) eine Basis (256) und iwei von der Basis 20 
ausgehehde diverigierende Ansatze (254. 255) 
aufweist, deren sich gegenuberliegende Flichen 

die Kontaktf lachen darstellen. 

10. Ventiltrieb nach Anspruch 9. dadurch gekenn- 25 
zeichnet, daft eiher der Nocken in zwel Abschnit- 

te (258. 260) geteilt ist. deren Form und Winkel- 
position gleich sind und die gegenseltig beab- 
standet und durch den anderen Nocken (259) ge- 
trennt sind. und 'daft yiner der Ansatze des 30 
Nockenfolgers (257) ' ebenfails ' in zwei 
beabstandete Abschriitte (261. 263) geteilt ist, an 
deren Kontaktf licheh jeweilsyeiner der Nocken- 
abschnitte (i58, 26b)'angreift 



Revendlcations 

1. Commaride \de sWape; pour un-m^ ^ 
combustion ' Inteirne comprenant 'une premiere 40 
came (15) mont6e podr toufnerautourd'un "pre- 
mier axe. une seconde dame (21) ifnont6e pour 
tourner autour d'un second axe qui est sensible- 
ment paralieie/au premier axe 6u qui coincide 
avec jedit preniier axe, un m^cahisme de change^ 45 
ment de phase^geric6 dfe fegon selective pour 
faire verier laphase de Fune des' camespar rap- 
port d I'autre, up 6l6ment soupape (29) mobile le 
long d'uh aie de s6upape-(30);'des moyens de 
rappel (28) •poussaintV6l6ment soupape dans un so 
premier sens re long de Taxe de soupape et un 
suiveur de came (25) qui a des premiere et secon- 
de surfaces de contact (18. 24) agencies pour 
venir en contafct, respectivement, avec les pre- 
miere et seconde cames, st est agenc6 pour 55 
Iransmettre le mouvement des cames d r6l6ment 
soupape mais est mobile par rapport d r6l6ment 
soupape; le profil de la premfere came (15) 

9 



comprenant une partie ascendante (202) pour 
d6placer r6l6ment soupape (29) dans un second 
sens oppose au premier sens et une rampe des- 
cendants (203) pour commander le mouvement 
du suiveur de came (25) par rapport d rei^ment 
soupape (29) et le profil de la seconde came (21) 
comprenant une partie descendante (200) pour 
corhmander le d§placement de r6l6ment soupa- 
pe dans le premier sens et une rampe ascendan- 
te (201) pour commander le dSplacement du sui- 
veur de came (25) par rapport e r616ment soupa- 
pe (29) caracterisee an ce que le gradient de la 
rampe ascendante (201) et de la rampe descen- 
dants (203) sont sensiblement les m§mes au 
moins sur une partie de leur longueur et en ce que 
la phase des deux cames est telle que les temps 
pendant lesquels les rampes ascendante et des- 
cendante (201, '203) yiennent en contact avec le 
suiveur (25) se ^puvrent tandis que rei^ment 
soupape (29) est immobile dans la position fer- 
mde, ce pan^uo) le suiveur de came. (25) se dd- 
place par rappcFrtid I'eidment soupape (29). 

2. Commande.de soupape selon la revendlcation 1 . 
caract6ris6e fin pe que les gradients des rampes 
ascendante et descendante (201. 203) sont sen- 
siblementcQostants. ^ . 

- .c Jrj\ Qi! : ■ . 

3. Commande d^ soupape selon la revendlcation 1 
ou lareVendloafton 2..caract6ris6e par un pous- 
soir (26>qui est.en priseavec.le suiveur de cames 
(26) etjqui,r^ son: tour, vient en prise avec 1*616- 
merit soupape (29) et.par un dispositif de rattra- 
pagade jeu(:112). de pr6f6rence de type hydrau- 
lique, agissant sur le poussoir (26). ce par quo! il 
nV a pas de jeu entre les cames (15, 21) et r616- 
ment soupape (29). 

4. Commande de soupape selon la revendlcation 1 . 
caract6ris6e en ce que le prof Q de cheque came 
(154 -21) comprend une parti.e (140, 141. 142, 
t43) dei gradient z6ro adjacente k la partie de 
soul6vement maximum et 6 la partie de soul6ve- . 
nr>ent minimum. 

5. Commande de soupape selon Tune quelconque 
des revendlcations pr6c6dentes caTact6ris6e en 
ce que les deux, cames (15, 21) sont port6es par 
des axes de came respecUfs parall6les (16, 22). 

6. Commande de soupape selon rune quelconque 
ded revendtoations 1^5 caract6ris6e en ce que 
lesc deux cames (251. 252) sont port6es par un 
seul axe de cames (250). 

7. Commande de soupape selon Tune quelconque 
des revendlcations pr6c6dentes caract6ris6e en 
ce que les premJ6re et seconde surfaces de 
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contact (1 8, 24) sont inclindes sur Taxe de soupa- 
pe (30) d'un angle aigu de 1"* ^ 70"". en ce que te 
suiveur de came (25) est mobile dans le sens 
transversal ^ l*axe de soupape (30) par la mise en 
contact descames (15, 21) et est contraintdse 5 
d^placer seuiement de fagon sensiblement paral- 
Idle au plan de la soupape dans lequel se trouve 
I'axe de soupape et qui s'^tend perpendiculalre- 
ment aux axes des deux cames. 

10 

8. Commande de soupape selon la revendlcation 7, 
caract^risde parun poussoir (26) qui vient en pri- 
se avec le suiveur de came (25) et dans lequel, k 
son tour, vient en prise l*^l^ment soupape (29) et 

en ce que le suiveur de came (25) est contraint ^ is 
se d^placer paralldlement zu plan de la soupape 
par un bossage (111) s'Slevant sur le poussoir 
(26) qui est regu dans une rainiire ailong^e (109) 
dans le cdt6 inf^rleur du suiveur (25K 

20 

9. Commande de soupape selon la revendicaiion 7 
ou la revendlcation 8, caracl^ds^ie en ce que le 
poussoir (253) comprend une base (256) et deux 
plaques divergentes (254, 255) se prblongeant 
depuis celui-ci, les surfaces oppos^es desquel- 25 
les constituent les surfaces de contact. 

10. Commande de soupape selon la revendlcation 9, . 
caract^rls^e en ce que Tune des camas est dlvi- 

s^e en deux parties (258, 260) dont les formes et 30 - 
les positions angulaires sont les mSmas &t qui 
sont espacdes et s^par^es par i'autre came (259) 
et en ce que Tune des plaques du suiveur (257) 
est aussi divisd en deux parties espac^es (261, 
263) dont les surfeces de contact vlennent en 3S 
contact respectivement avec une des parties de 
came (258, 260). 



.45, 
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